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Abstract 

The generalization of the BFKL equation for the case of non-forward 
scattering is considered. The kernel of the generalized equation in the next- 
to-leading approximation is expressed in terms of the gluon Regge trajectory 
and the effective vertices for particle production in Reggeon collisions. The 
"bootstrap" equations for the gluon Reggeization are presented. 
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1 Introduction 



One of the remarkable properties of QCD is the Reggeization of elementary particles. 
Contrary to QED, where the electron does Reggeize in perturbation theory Q, but 
the photon remains elementary [Q], in QCD the gluon [3,4] does Reggeize as well 
as the quark ||. The gluon Reggeization plays the key role in the derivation of the 
BFKL equation |6|] for the cross sections at high C.M.S. energy yfs in perturbative 
QCD. This equation is very important for the theory of high energy processes. It is 
used together with the DGLAP equation || for the description of deep inelastic 
scattering processes at a small value of the Bjorken variable x. The equation was 
derived || in the leading logarithm approximation (LLA) more than twenty years 
ago, and recently the calculation of radiative corrections [9-15] to the kernel of 
the equation was completed and the equation in the next-to-leading logarithmic 
approximation (NLLA) was obtained |16|| . 

The famous BFKL equation is a particular case of the equation for the i-channel 
partial waves of the elastic amplitudes for the forward scattering, i.e. t — and 
vacuum quantum numbers in the t-channel. Evidently, it is very important to ob- 
tain in the NLLA not only the equation for this particular case, but the equation for 
the non-forward scattering as well. Besides the fact that the last equation is much 
more general, it permits to check in the NLLA the gluon Reggeization, the base 
of the whole program of the calculation of the radiative corrections formulated in 
Ref. H and fulfilled in Refs. [9-15]. Remind that in the LLA the Reggeization was 
noticed in the first several orders of the perturbation theory. After that, assuming 
that it is correct in all orders, the equation for the t-channel partial waves of the 
elastic scattering amplitudes || was derived. It is clear that, for the gluon quantum 
numbers in the t-channel, the solution of this equation must reproduce the gluon 
Reggeization, as it was explicitly demonstrated in Ref. ||. This "bootstrap" sup- 
ports the idea of the Reggeization in such a strong way that practically no doubts 



remains that it is correct. Nevertheless, strictly speaking, the "bootstrap" cannot 
be considered as a rigorous proof. Therefore, such a proof was specially constructed 



in Ref. ||17|| . In the NLLA till now we have only the simple check of the Reggeization 
in the first three orders of perturbation theory in ag [12[ . 

In this paper we present the representation for the scattering amplitudes in 
QCD at high energy yfs and fixed momentum transfer \f—i in the NLLA in terms 
of the impact factors of the scattered particles and the Green function for the 
Reggeized gluon scattering. The representation is obtained on the base of the gluon 
Reggeization. The impact factors and the kernel of the equation for the Green 
function are expressed in terms of the gluon Regge trajectory and the effective 
vertices for Reggeon-Reggeon and Reggeon-particle interaction. The requirement 
of the selfconsistency leads to the "bootstrap" equations for the gluon Reggeization. 

In the next Section we discuss the meaning of the gluon Reggeization. In Section 
3 we show the representation of the scattering amplitudes in terms of the impact 
factors and the Green function. In Section 4 the "bootstrap" equations are derived. 
The summary is given in Section 5. 



2 The gluon Reggeization in QCD 

The notion "Reggeization" of elementary particles in perturbation theory is usually 
related to the absence of non analytic terms in the complex angular momentum 
plane [1-3]. We use this notion in a much stronger sense. Talking about the gluon 
Reggeization in QCD we mean not only the existence of the Reggeon with gluon 
quantum numbers, negative signature and trajectory 

j(t) = l+u(t) (1) 
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passing through 1 at t — 0. We mean also that in each order of perturbation theory 
this Reggeon gives the leading contribution to the amplitudes of the processes at 
large relative energies of the participating particles and fixed (i.e. not increasing 
with s) momentum transfers. 

Let us explain this in more details. Consider the elastic scattering process A+B 
— > A' + B' at large s and fixed t: 

s = (pa+ Pb) 2 -> oo , t = q 2 fixed , q = p A - p B . (2) 

For the sake of brevity, the term "gluon Reggeization" used by us means that the 
elastic scattering amplitude with the gluon quantum numbers in the t-channel has 
the Regge form 

Here c is a color index and Tp /p are the particle-particle-Reggeon (PPR) vertices 
which do not depend on s. Notice that the form @ represents correctly the analyt- 
ical structure of the scattering amplitude, which is quite simple in the elastic case. 
In the derivation of the BFKL equation it is assumed that this form is valid in the 
NLLA as well as in the LLA. 

Together with the form (|3]) of the elastic amplitude the derivation of the BFKL 
equation in the LLA and NLLA is based on the Reggeized form of production 
amplitudes in the multi- Regge kinematics (MRK). For the production of n particles 
with momenta ki, % = 1 -j- n, in the process A + B^A + B + n this kinematics 
implies that the invariant masses of any pair of produced particles are large and all 
the transferred momenta are fixed (not increasing with s). More definitely, let us 
put p£ = ko, Pb = k n+ i and introduce the Sudakov decomposition 

h = (3iPi + Oiip 2 + k i± , satifii = k\ - k 2 i± _ = k 2 + k 2 , (4) 

3 



1 B'B 



(3) 



where p\^ are the light cone momenta such that 

Pa = Pi H P2 , Pb = P2 H Pi , 2pip 2 = s (5) 

s s 

(we admit all particles to have non zero masses, reserving the possibility to consider 
each of them as a compound state or as a group of particles) and the vector sign is 
used for the transverse components. Then in the MRK we have 



Pi + m \ 



p£ + m| 



«o < ai . . . < a„ < a n+ i ps 1 , 



Pn+l < A» ■ • • < Pi < A) » 1 • (6) 



s 

Due to Eqs. (ffl)-(H) the squared invariant masses 

Sj = + A;,) 2 » s ^_ lQj = ^{k* + £ 2 ) (7) 

Pi 

are large compared with the squared transverse momenta of the produced particles, 
which have the order of the squared momentum transfers: 



.2 I 

t I ' 



Si > kj ~| U | = | g, 
where 

i-l / n+l \ i—l 

Qi = Pa ~ k i = ~ \ Pb - Yl % ~ to ~~ «i-iP2 - 51 > 

3=0 V J' =i / J=° 

U = ~ q%± = -$i 2 , (9) 
and the product of s$ is proportional to s: 

n+l n 

n*=*n(*?+S)- (io) 

8=1 8=1 

It is necessary to remind that, contrary to the elastic amplitude, the production 
amplitudes have a complicated analytical structure (see, for instance, Refs. [10,18]). 



Fortunately, only the real parts of these amplitudes are used in the derivation of the 
BFKL equation in the NLLA as well as in the LLA. The term "gluon Reggeization" 
used by us means that the real parts of the production amplitudes in the MRK have 
a simple factorized form and can be presented as 



the effective vertices for the production of the particles Pi with momenta ki=qi — qi + i 
in the collision of the Reggeons with momenta q^ and g, + i and colour indices c, and 
Cj + i. Pay attention that we have taken definite energy scales in the Regge factors 
in Eq. (|TTD as well as in Eq. (||). In principle, we could take an arbitrary scale Sr; 
in this case the PPR and RRP vertices would become dependent on sr. Of course, 
physical results do not depend on the scale. 

In the LLA only one particle can be produced in the RRP vertex, and since 
our Reggeons are Reggeized gluons, this particle can be only a gluon. The situa- 
tion is quite different in the NLLA. In this case we have to consider the so-called 
quasi- multi- Regge kinematics (QMRK) ||, where any (but only one) pair of the 
produced particles has a fixed (not increasing with s) invariant mass. We can treat 
this kinematics using the effective vertices (ft, Qi+i) [9,13] and 7^ +1 (?i, ft+i) 

[13,15] for the production of two gluons and a quark- ant iquark pair respectively in 
Reggeon-Reggeon collisions, as well as the effective vertices Tp* P for the production 
of the "excited" state (containing an extra particle) in the fragmentation region of 
the particle P in the process of scattering of this particle off the Reggeon. Intro- 





Cn + l 

BB 



(11) 



Here ^ 



(qi,qi + i) are the so-called Reggeon-Reggeon-particle (RRP) vertices, i.e. 
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during these vertices the production amplitudes of n + 1 particles in the QMRK 
are given by Eq. (11) with one of the vertices 7^. i or r^ p substituted with the 
vertices 7 ( ^ 1 c ^ 1 or T c ptp respectively. 

Since in the limit of large invariant masses of all pairs of the final state particles 
the QMRK amplitudes must turn into the MRK ones, in this limit the effective 
vertices 7^2i satisfy the factorization properties 

72£ (ft, ft+O = 72 (ft, ft - h) , \, 2 7S +1 (ft - ii, ft+i) (12) 

(ft - ii) 

at (Psh) "C (pBh), (pAh) "C (pa^), where ?i )2 are the momenta of the produced 
gluons. The vertices rp* P in the case in which the "excited" state P* contains the 
gluon, i.e. P* = GP, have the property 

ry p ( q ) ~ r| p — l-^g ( q + 1, q ) (13) 

at (j9p/) ^> (pppp), I being the gluon momentum and q = pp — pp- 

The BFKL equation is straightforwardly obtained || if the amplitudes (0) and 
( |TTD are used in the unitarity relation for the s-channel imaginary part of the elastic 
scattering amplitude. Remind that the representations (^) and (O) for the ampli- 
tudes with the gluon quantum numbers in the tj-channels were rigorously proved 



17] in the LLA. 



3 The generalized BFKL equation in the NLLA 

Decomposing the elastic scattering amplitudes A\§ in the parts with definite irre- 
ducible representation 1Z of the colour group in the t-channel: 

^' = E(^C , (14) 

n 
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and using the amplitudes (pTTf ) and their generalization for the QMRK, we get for 
the s-channel imaginary part of the amplitudes An (details will be given elsewhere) 

d D - 2 qi f d D - 2 q 2 



(27T 



D-2 



Qi 2 (oi - q)" 



Q2 2 (92 - q) 2 



X 



-T, so) • (15) 



Here Sq is the energy scale (which can be, in principle, arbitrary), the index v 
enumerates the states in the irreducible representation 1Z, $^]/ (q\; q; s ) are the 
impact factors and (qi,q2,q) is the Mellin transform of the Green function for 
the Reggeon-Reggeon scattering. The impact factors and the Green function appear 
as the generalization of those defined in Refs. [16,19] for the case of non-forward 
scattering and non- vacuum quantum numbers in the t-channel. The Green function 
obeys the equation 

wG? (quQ2,q) = 
d D ~ 2 q ' 



tf(qi-q) 2 S {D - 2 Hqi-q2) 
Here the kernel 



'/2 1 



q) 



p n) {q^q'^q)G^{q\q 2 -^) . (16) 



^ {-q 2 ) + u (- (<?i - q)' 



^ {n) (gi,g 2 ;g) = 

q 2 (qi - q) 2 ^ (<fi - q 2 ) + K?> (qi, q 2 ; q) (17) 

is given as the sum of the "virtual" part, defined by the gluon trajectory, and 
the "real" part related to the real particle production in Reggeon-Reggeon 

collisions. The "real" part can be written in the NLLA as 

ds r 



1 



(qi,q2-,q) 

d D - 2 q' 



(27T) 



D 



2 J q' 2 (q' — q)' 



/Cf )B JO?** (q',q2-,q)ln 



Xq' - qi) 2 (q ' - fa) 2 , 



In this equation A^ (<7i, (fe! <?) is the scattering amplitude of the Reggeons with 
initial momenta q\ and — q<i and momentum transfer q, for the representation 1Z 
of the colour group in the i-channel, s RR = (q\ — q2) 2 is the squared invariant 
mass of the Reggeons; /C^ B (qi,q2',q) is the part of the kernel at the Born (i.e. 
LLA) order related to the real particle production, which is given by the first term 
in the R.H.S. of Eq. (|Tj|) taken in the Born approximation. The expression for 
the s HJi -channel imaginary part TmA^ (qi, q2] q) in terms of the effective vertices 
for the production of particles in Reggeon-Reggeon collisions is given below. The 
intermediate parameter s A in Eq. must be taken tending to infinity, so that 
the dependence on s A disappears in Eq. (|TB|), because of the factorization property 
( P^D of the two gluon production vertex. 

The impact factors can be expressed through the imaginary part of the particle- 
Reggeon scattering amplitudes. In the NLLA the representation takes the form 

$S?p } (QrMs ) = J ( ^^XmA i pp ) (p P , q R ; q; s ) 9 (s A - s PR ) 

-If -z^^i*^ (^',5) ^ B (g", In f 7 -^_ > ) . (19) 
2J q' 2 (q'-q) FF \{q'-qR>s J 

In Eq. ( |I9"D s PR = (pp — qp) 2 is the squared particle- Reggeon invariant mass while 
XmApp {pp,qn', q~, so) is the sp^-channel imaginary part of the scattering ampli- 
tude of the particle P with momentum pp off the Reggeon with momentum —q R , 
q being the momentum transfer. The argument Sq in the impact factor and in 
the amplitude shows that these two quantities depend on the energy scale s of 
the Mellin transformation. Of course, physical quantities do not depend on this 
artificial parameter. It can be shown that with the NLLA accuracy the R.H.S. of 
Eq. (p~5f ) with the impact factors defined by Eq. (|I9|) and Eq. ( |27|) below, does not 
depend on s - The Born (LLA) impact factors $^^ B are given by the first term in 
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the R.H.S. of Eq. (19) taken in the Born approximation. Notice that for the Born 
case the integral over s PR in Eq. ([H]), as well as over s RR in Eq. fll8D , is convergent, 
so that the parameter s A does not play any role. In the NLLA the independence of 
the impact factors from s A is supplied by the factorization properties ( |12"D and (|T3|) . 

The imaginary parts of the Reggeon-Reggeon and particle-Reggeon scattering 
amplitudes, entering Eqs. fll8|) and (|T9| ) respectively, can be expressed in terms of 
the corresponding vertices, with the help of the operators V-r, for the projection of 
two-gluon colour states in the t-channel on the irreducible representations 1Z of the 
colour group. We have 



ImA™ g 2 ; g) = < > E / 7 { M 2 M (t$ 2 &Y d Pt , (20) 

where is the number of the states in the representation 7Z, ^\[} 2 (qi, q-z) is the ef- 
fective vertex for the production of the particles {/} in Reggeon-Reggeon collisions, 
dpf is their phase space element, 

dp f = (2n) D 5W( qi - q 2 - E If) II J°d\ . (21) 

{/} {/} (2tt) 2e f 

and q[ = q% — q. The sum over {/} in Eq. ( p0|) is performed over all the con- 
tributing particles {/} and over all their discreet quantum numbers. In the LLA 
only one-gluon production does contribute; in the NLLA the contributing states 
include also the two-gluon and the quark-antiquark states. The normalization of 
the corresponding vertices is defined by Eq. (|TT1). 

For us the most interesting representations 1Z are the colour singlet (vacuum) 
and antisymmetric colour octet (gluon) ones. We have for the singlet case 

< c^lPolcaCg >= N 2_i » n = l, (22) 



9 



and for the octet case 

i II s ) I ' - fc 1 c' 1 cfc 2 c' 2 c /no\ 

< CiCjIPslcaca >= 1 , n s = 8 , (23) 

where / a fc c are the structure constants of the colour group. The above matrix 
elements can be decomposed as 

E < cic'^VnW >< HA*|c24 > (24) 

V 

with 

< cc>\V \0 >= 7J I^= 1 , (25) 
< cc '\V 8 \a >= ^ . (26) 

1 1 Vn 



This decomposition allows to write the imaginary part of the scattering amplitude 
of the particle P off the Reggeon in the form 

ZmAyp' (p P , q R ; <?; s ) =< cd\V n \v > 



W w) dpf) (2T) 

where T{/}p are the effective vertices for the production of the states {/}. Their 
normalization is fixed by Eq. (|Tl~D. At the parton level the contributing vertices 
are the PPR vertices Tp, P which have to be taken in the one-loop approximation 
[10,11], the vertices ^ c G p p for the gluon emission in the fragmentation region and 
the vertices ^qqq for the gluon — > quark- ant iquark transition [|T^]. It is worthwhile 



to stress that for the case of the singlet representation 1Z the expression (O) for the 
impact factors, together with Eq. ([27|), is valid for colorless objects (at the hadron 
level) as well. For small size objects (such as a photon with large virtuality) the 
impact factors can be calculated in the perturbation theory. 
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4 The bootstrap condition 

Let us compare the s-channel imaginary part of the amplitude (^) with the imagi- 
nary part given by Eq. (p]) in the case of the gluon representation in the ^-channel. 
In the LLA from Eq. (Q) we get 

\ iW 1 ^*) 



Tm ( A \ A ' B ' - r c(B) 
xm s {Ji 8 ) AB —i- A / A 



(2f 



where the index (B) denotes the Born (LLA) expression and u/ 1 ) stands for the 
gluon trajectory calculated with the one-loop accuracy: 

g 2 t N r d D - 2 k 



W «(t) 



(29) 



(2tt)( i? - 1 ) 2 J &(q- kf 

The R.H.S. of Eq. coincides in the LLA with the one of Eq. (HD due to the 
properties of the LLA impact factors and the Green function: 



= -ig 



p p 



r c(B) 
1 pip , 



(30) 



independently of q\, q 2 , and 



d D - 2 q 2 



(31) 



Applying these properties the imaginary part shown in Eq. ( Jl5| ) in the NLLA be- 
comes 



'13 r - 



(i) 



(t) 1 + (t)ln - 



2(2tt 



(27T) 



>/C (8)(1) (gi ; g 2 ;g)ln( S ) 



F c(B) 



q' 2 (q' — q)' 



^ A ' A l<? ) ^Oj J- B'B ' A' A A' A W ;<7; s 0j 



(32) 



11 



where /C^ 1 ) and $^ 8 ,'^ ( ' 1 ' ) are the next-to-leading contributions to the kernel and to 
the impact factors respectively for the gluon quantum numbers in the t-channel. If 
now we require that this expression coincides with the imaginary part of the Regge 
form (|) in the NLLA: 



lm s (A R ) 



AB 



7T 



{Vf} [ W « (t) + J 2) (t) + w« (t) (t) In ( 8 ) 



+ a® (t) 



r c(l) r c(B) F c(B) r c(l) 
1 A'A L B'B ~r 1 A'A L B'B 

where TpTp is the one-loop correction to the PPR vertex and (t) is the two-loop 
contribution to the trajectory, we arrive at the following bootstrap equations: 



r c(B) 
1 B'B 



(33) 



g 2 Nt 



2 (27T 



d 



D-2 



92 



<fi (<fi - 0) J & (Q2 - q) 



jlC m) (&,&$=vV(t)u>®{t) (34) 



and 



2tt 



.£>-! 



d D "V 



q' 2 (q'-q) 2 P ' P 
u/ 2 ) (t) - ( W W 



ef^^^i-o) 



V so , 



(35) 



5 Summary 

In this paper we have considered the scattering amplitudes in QCD at high energy 
y^i and fixed momentum transfer \^—t in the next-to-leading approximation in 
In s. Due to analyticity and crossing properties Eqs. fll4]) and fllBD define the non- 
forward scattering amplitudes in the NLLA in terms of the impact factors and the 
Green function for the Reggeized gluon scattering. The impact factors and the 
kernel of the equation for the Green function are given in terms of the gluon Regge 
trajectory and the Reggeon-particle vertices which were used also in the derivation 



of the BFKL equation for the forward scattering in the NLLA [16] and are known. 
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The requirement of the self consistency of the derivation of the BFKL equation, 
based on the gluon Reggeization, is expressed by Eqs. (|34D and (|35D . Since the 
BFKL equation is very important for the theory of Regge processes at high energy 
y^i in perturbative QCD, these equations should be checked. All quantities entering 
these equations are unambiguously defined. The gluon Regge trajectory u> (t) is 
known with the two-loop accuracy [12|. The one-loop correction /C^ 8 ^ 1 ^ to the kernel 
is given by Eqs. ([FTP , (|18D and ( p0|) in terms of the trajectory and the effective 
vertices for the particle production in Reggeon-Reggeon collisions. All vertices 
entering these equations were calculated with the required accuracy: the Reggeon- 
Reggeon-gluon vertex in Ref. [ITJ, the vertices for the two-gluon production in 
Refs. [9,13] and the vertices for the quark-antiquark production in Refs. [14,15]. The 
PPR vertices entering the second bootstrap equation, i.e. Eq. were obtained 
with the one-loop accuracy in Refs. [10,11]. Finally, the one loop correction ^p ^ 
to the impact factors is expressed by Eqs. (^) and (|27| ) in terms of the PPR vertices 
and the vertices for the production of the "excited" states in the fragmentation 
regions. For the cases where the initial particles are quarks and gluons these vertices 



can be found in Ref. 12 



The explicit check of the validity of Eqs. (|34"D and ( flop will be the subject of 
subsequent publications. 



Acknowledgment: One of us (V.S.F.) thanks the Dipartimento di Fisica 
dell'llniversita di Milano, the Dipartimento di Fisica deH'Universita della Calabria 
and the Istituto Nazionale di Fisica Nucleare - sezione di Milano and gruppo colle- 
gato di Cosenza for their warm hospitality during his stay in Italy. Fruitful discus- 



13 



sions with G. Marchesini and M. Ciafaloni were very helpful. 



References 

[1] M. Gell-Mann, M.L. Goldberger, F.E. Low, E. Marx, F. Zachariasen, Phys. 
Rev. 133 B (1964) 145. 

[2] S. Mandelstam, Phys. Rev. 137 B (1964) 949. 

[3] M.T. Grisaru, H.J. Schnitzer, Phys. Lett. 30 (1973) 811; Phys. Rev. D 8 (1973) 
4498. 

[4] L.N. Lipatov, Yad. Fiz. 23 (1976) 642. 

[5] V.S. Fadin, V.E. Sherman, ZhETF Pis'ma 23 (1976) 599; ZhETF 72 (1977) 
1640. 

[6] V.S. Fadin, E.A. Kuraev and L.N.Lipatov, Phys. Lett. B 60 (1975) 50; 
E.A.Kuraev, L.N. Lipatov and V.S. Fadin, Zh. Eksp. Teor. Fiz. 71 (1976) 
840 [Sov. Phys. JETP 44 (1976) 443]; 72 (1977) 377 [45 (1977) 199];Ya.Ya. 
Balitskii and L.N. Lipatov, Sov. J. Nucl. Phys. 28 (1978) 822. 

[7] N.N. Nikolaev, B.G. Zakharov, V.R. Zoller, Phys. Lett. B 328 (1994) 486; 
J. Nemchik, N.N. Nikolaev, B.G. Zakharov, Phys. Lett. B 341 (1994) 228; 
A.J. Askew, J. Kwiecinski, A.D. Martin and P.J. Sutton, Phys. Rev. D 49 
(1994) 4402; A.J. Askew, K. Golec-Biernat, J. Kwiecinski, A.D. Martin and 
P.J. Sutton, Phys. Lett. B 325 (1994) 212; A.J. Askew, D. Graudenz, J. 
Kwiecinski, A.D. Martin, Phys. Lett. B 338 (1994) 92; J. Kwiecinski, C.A.M. 
Lewis, A.D. Martin, Phys. Rev. D 54 (1996) 6664; J. Kwiecinski, A.D. Martin, 
A.M. Stasto, Phys. Rev. D 56 (1997) 3991. 

14 



[8] V. N. Gribov, L. N. Lipatov, Sov. J. Nucl. Phys. 15 (1972) 438; L. N. Lipatov, 
Sov. J. Nucl. Phys. 20 (1975) 94; G. Altarelli, G. Parisi, Nucl. Phys. B 26 
(1977) 298; Yu. L.Dokshitzer, Sov. Phys. JETP 46 (1977) 6451. 

[9] L.N. Lipatov and V.S. Fadin, Zh. Eksp. Teor. Fiz. Pis'ma 49 (1989) 311 [Sov. 
Phys. JETP Lett. 49 (1989) 352]; Yad. Fiz. 50, (1989) 1141 [Sov. J. Nucl. 
Phys. 50 (1989) 712]. 

[10] V.S. Fadin and L.N. Lipatov, Nucl. Phys. B 406 (1993) 259; V.S. Fadin, R. 
Fiore and A. Quartarolo, Phys. Rev. D 50 (1994) 5893; V.S. Fadin, R. Fiore 
and M.I. Kotsky, Phys. Lett. B 389 (1996) 737. 

[11] V.S. Fadin, and R. Fiore, Phys. Lett. B294 (1992) 286; V.S. Fadin, R. Fiore 
and A. Quartarolo, Phys. Rev. D 50 (1994) 2265; V.S. Fadin, R. Fiore and 
M.I.Kotsky, Phys. Lett. B359 (1995) 181. 

[12] V.S. Fadin, Zh. Eksp. Teor. Fiz. Pis'ma 61 (1995) 342; V.S. Fadin, R. Fiore 
and A. Quartarolo, Phys. Rev. D 53 (1996) 2729; M.I.Kotsky and V.S. Fadin, 
Yad. Fiz. 59(6) (1996) 1; V.S. Fadin, R. Fiore and M.I. Kotsky, Phys. Lett. 
B 359 (1995) 181; V.S. Fadin, R. Fiore and M.I. Kotsky, Phys. Lett. B 387 
(1996) 593. 

[13] V.S. Fadin and L.N. Lipatov, Nucl. Phys. B 477 (1996) 767; V.S. Fadin, M.A. 
Kotsky and L.N. Lipatov, Phys. Lett. B 415 (1997) 97; Yad. Fiz. 61(6) (1998) 
716. 

[14] S. Catani, M. Ciafaloni and F. Hautmann, Phys. Lett. B 242 (1990) 97; Nucl. 
Phys. B 366 (1991) 135; G. Camici and M. Ciafaloni, Phys. Lett. B 386 (1996) 
341; Nucl. Phys. B 496 (1997) 305. 



[15] V. S. Fadin, R. Fiore, A. Flachi, M. I. Kotsky, Phys. Lett. B 422 (1998) 287; 
to be published in Yad. Fiz. 

[16] V. S. Fadin, L. N. Lipatov, |iep-ph/9802290| ; Preprint Desy-98-033. 

[17] Ya.Ya.Balitskii, L.N. Lipatov and V.S. Fadin, in: Proceeding of Leningrad 
Winter School, Physics of Elementary Particles, Leningrad 1979, pp. 109-149. 

[18] J. Bartels, Nucl. Phys. B 175 (1980) 365. 

[19] V. S. Fadin, Talk given at the International conferences "LISHEP98", February 
14-20, 1998, Rio de Janeiro, Brasil and "DIS98" , April 3-11, Brussels, Belgium,; 
to be published in the Proceedings. 



16 



